We have shown earlier that mouse pancreatic acinar cells produce hydrogen sulfide (H 2 S) and play a role in the pathogenesis of acute pancreatitis. It is noteworthy that recent evidence indicates that H 2 S has anti-inflammatory effects. To date, the mechanism by which H 2 S directly reduces inflammation has not been elucidated. In the present study, we hypothesized that H 2 S inhibits the production of proinflammatory cytokines by activation of the phosphatidylinositol 3-kinase (PI3K)/protein kinase B (AKT) pathway. Pancreatic acinar cells were treated with the H 2 S donor, sodium hydrogen sulfide (NaHS) (5, 10, and 30 M). To better understand the effect of H 2 S in inflammation, pancreatic acinar cells were stimulated with caerulein after the addition of NaHS (5, 10, and 30 M). We observed that H 2 S at the 5 M concentration down-regulates the activation of NF-B and degradation of IB␣. However, H 2 S (5 M) activates PI3K as reflected by AKT phosphorylation. We found that H 2 S-mediated activation of PI3K in caerulein-treated acinar cells correlated with the down-regulation of extracellular signal-regulated kinase 1/2 phosphorylation, whereas phosphorylation of p38 and c-Jun NH 2 -terminal kinase and mitogen-activated protein kinases was unchanged. The PI3K inhibitor LY294002 [2-(4-morpholinyl)-8-phenyl-1(4H)-benzopyran-4-one hydrochloride] abolished the H 2 S-mediated activation of AKT and increases tumor necrosis factor ␣ and interleukin 1␤ levels in caeruleintreated acinar cells. These findings indicate that the phosphatidylinositol 3-kinase plays a negative role in NaHS-treated pancreatic acinar cells and suggest a role for H 2 S in the PI3K/ AKT pathway in acute pancreatitis.
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Hydrogen sulfide (H 2 S) can be produced from L-cysteine by pyridoxal-5-phosphate-dependent enzymes, including cystathionine ␤-synthase and cystathionine ␥-lyase. Endogenous enzymatic production has been shown in tissues from mammals (Abe and Kimura, 1996; Zhao et al., 2001; Geng et al., 2004 ). The identification of both H 2 S and enzymatic pathways for H 2 S production in tissues has stimulated an ongoing search for potential actions of H 2 S as an endogenous biological mediator.
Inhibition of endogenous H 2 S or administrations of exogenous H 2 S are interventions that are currently being investigated in inflammation (Li et al., 2005; Zhang et al., 2007a,b) . This apparent contradiction between blocking endogenous H 2 S in inflammation while administering exogenous H 2 S in inflammation highlights our incomplete understanding of these interventions. Altering endogenous or exogenous H 2 S may have unanticipated effects because H 2 S has a wide array of actions. For example, H 2 S alters cytokine, chemokine, and adhesion molecule expression in cecal ligation and puncture-induced sepsis (Zhang et al., 2007) and in human monocytes through the NF-B signaling pathway (Zhi et al., 2007) and can diminish mucosal injury and edema formation (Zanardo et al., 2006 ). These observations suggest that H 2 S may be an important modulator in the proinflammatory cytokine response associated with inflammation, although the mechanism is unknown.
Acute pancreatitis is an inflammatory condition of the pancreas characterized by elevated pancreatic enzymes in the blood and multiple organ dysfunctions. Previous studies have indicated that acute pancreatitis involves a complex cascade of events that begins with the intracellular activation of enzymes and the subsequent development of acinar cell lesions, leading to the release of proinflammatory cytokines, such as tumor necrosis factor ␣ and interleukin (IL) 1␤. These inflammatory cytokines interact with the micro-circulation, increasing vascular permeability and inducing thrombosis and hemorrhage, ultimately leading to tissue necrosis (Beutler and Grau, 1993; Bhatia et al., 2001; Bhatia, 2002) . Therefore, suppression of these mechanisms is currently an important research topic. Recent data have provided evidence that mitogen-activated protein kinases (MAPKs) may act as important signal transducers early in the pathogenesis of acute pancreatitis (Roux and Blenis, 2004) . Activation of these intracellular signaling pathways results in the activation of the transcription factor NF-B.
The PI3K family is divided into four classes: IA, IB, II, and III (Cantley, 2002) . The PI3Ks, which play a critical role in caerulein-stimulated pancreatic acinar cells, belong to class III PI3K. The best studied of the PI3K superfamily of lipid kinases are those belonging to classes I and III (Toker and Cantley, 1997) . Class I PI3Ks catalyze the 3Ј phosphorylation of phosphatidylinositol 4,5-bisphosphate, yielding PI(3,4,5)P3 (Chan et al., 1999) . Class III PI3Ks, on the other hand, catalyze the 3Ј phosphorylation of phosphatidylinositol only and have only phosphatidylinositol 3-phosphate as their product ( Vanhaesebroeck and Waterfield, 1999) . Binding of phosphoinositide-dependent protein kinase-1 and AKT to PI(3,4,5)P3 leads to the phosphorylation of AKT. The PI3K/AKT pathway is negatively regulated by the phosphatase and tensin homolog, which converts PI(3,4,5)P3 to phosphatidylinositol 4,5-bisphosphate. The PI3K/AKT pathway has been shown to control a variety of cellular processes, including cell survival and proliferation (Cantley, 2002) . Class III PI3Ks are generally considered to be constitutive enzymes that play an important role in regulating protein trafficking (Wurmser et al., 1999) . A previous study has found that inhibition of PI3K with wortmannin and LY294002 prevents the early stages of acute pancreatitis (Singh et al., 2001) . Wortmannin and LY294002 are pharmacologic inhibitors of PI3K. These compounds have been used extensively to analyze the role of PI3K in the regulation of different intracellular pathways. However, wortmannin and LY294002 have been reported to inhibit other kinases (Ward and Finan, 2003; Gharbi et al., 2007) .
In this study, we used LY294002, a pharmacological inhibitor of PI3K, to test the hypothesis that exogenous H 2 S decreases proinflammatory cytokines and inflammation in caerulein-treated pancreatic acinar cells by activating the PI3K/ AKT pathway. We determined the effect of decreasing the PI3K/AKT pathway on ERK1/2, transcription factor NF-B, and IL-1␤ and TNF␣ expression in caerulein-treated pancreatic acinar cells. Our results demonstrate that the PI3K/AKT pathway negatively regulates H 2 S signaling in freshly prepared and caerulein-treated pancreatic acinar cells.
Materials and Methods
Animal Welfare. All experimental procedures were approved by the Animal Ethics Committee of National University of Singapore and carried out in accordance with established International Guiding Principles for Animal Research.
Reagents. Caerulein was purchased from Bachem California (Torrance, CA), and NaHS was purchased from Sigma-Aldrich (St. Louis, MO). Nembutal for euthanizing the animals was purchased from Merial Australia (Parramatta, NSW, Australia). ELISA kits for measuring cytokine levels were purchased from R&D Systems (Minneapolis, MN). TransAM NF-B p65 Transcription Factor Assay Kits were purchased from Active Motif Inc. (Carlsbad, CA).
Preparation of Mouse Pancreatic Acini. Pancreatic acini were obtained from the mouse pancreas by collagenase treatment as described previously (Bhatia et al., 1998) . In brief, pancreases from three Swiss mice (20 -25 g) were removed, infused with buffer A (140 mM NaCl, 4.7 mM KCl, 1.13 mM MgCl 2 , 1 mM CaCl 2 , 10 mM glucose, 10 mM HEPES, pH 7.2) containing 200 IU/ml collagenase and 0.5 mg/ml soybean trypsin inhibitor and incubated in a shaking water bath for 10 min at 37°C. The digested tissue was passed through 50 mg/ml bovine serum albumin and washed twice with buffer A before further experiments.
In Vitro Treatment with Caerulein, NaHS, and LY294002. Pancreatic acini were suspended in buffer A and treated with or without caerulein (10 Ϫ7 M) at 37°C in a shaker water bath for 60 min. Mouse pancreatic acini when treated with caerulein at a dose of 10 Ϫ7 M for 60 min have been shown to induce H 2 S synthesis and cystathionine ␥-lyase expression (Tamizhselvi et al., 2007) . In some experiments, cells were pretreated with NaHS (5, 10, and 30 M) for 30 min before the addition of caerulein. In other experiments, the AKT inhibitor LY294002 (purchased from Cell Signaling Technology Inc., Danvers, MA) was applied with preincubation for 30 min before NaHS treatment. Cell viability was measured by trypan blue exclusion, and no significant changes were observed upon treatment, after which the cell pellets were used for subsequent experiments.
ELISA. ELISA was performed to examine protein levels of IL-1␤ and TNF␣ in the cells. Frozen cells were thawed and homogenized (4°C) in 20 mM phosphate buffer, pH 7.4, and centrifuged (2000g, 15 min). The supernatants were used for measuring the levels of cytokines. IL-1␤ and TNF␣ were measured by specific DuoSet ELISA kits according to the manufacturer's instructions. Results were expressed as picograms per microgram of DNA in samples (Labarca and Paigen, 1980) . Nuclear Cell Extract Preparation. Nuclear extracts from acini were prepared by using a Nuclear Extraction Kit (Active Motif Inc.). In brief, cells were washed, collected in ice-cold phosphate-buffered saline in the presence of phosphatase inhibitors, to limit further protein modifications, and then centrifuged at 300g for 5 min. The pellets were resuspended in a hypotonic buffer, treated with detergent, and centrifuged at 14,000g for 30 s. After collection of the cytoplasmic fraction, the nuclei were lysed, and nuclear proteins were solubilized in lysis buffer containing proteasome inhibitors.
NF-B DNA-Binding Activity. The binding of NF-B to DNA was measured in nuclear extracts with a fast, user-friendly, ELISAbased TransAM NF-B p65 assay kit (Active Motif Inc.). This assay uses multiwell plates coated with an unlabeled oligonucleotide containing the consensus binding site for NF-B (5Ј-GGGACTTTCC-3Ј) (Coffer et al., 1998) . Nuclear proteins (20 g) were added to each well and incubated for 1 h to allow NF-B DNA binding. Subsequently, by using an antibody that is directed against NF-B p65 subunit, the NFB complex bound to the oligonucleotide is detected. A horseradish peroxidase-conjugated secondary antibody provided the basis for the colorimetric quantification.
Preparation of Cell Lysates for Western Blot Analysis. After treatment, pancreatic acinar cells were homogenized on ice in radioimmunoprecipitation assay lysis buffer supplemented with protease inhibitor cocktail (Roche Diagnostics, Basel, Switzerland) and phosphatase inhibitor cocktail (Sigma-Aldrich) and centrifuged at 4°C for 15 min at 13,000 rpm. The supernatants were collected and stored at Ϫ80°C. Protein concentrations were determined by the Bio-Rad protein assay (Bio-Rad, Hercules, CA).
Western Blot Analysis. Protein samples (80 g) were separated by SDS-polyacrylamide gel electrophoresis on Novex 10% Tris-glycine polyacrylamide gels (Invitrogen) and transferred to nitrocellulose membranes. Nonspecific binding was blocked by 1-h incubation of the membranes in 5% nonfat dry milk in PBST (0.05% Tween 20 in phosphate-buffered saline). The blots were then incubated overnight with the primary antibody IB␣, NF-B, ERK1/2, phospho-ERK1/2, p38 MAPK, phospho-p38 MAPK, JNK, phospho-JNK and AKT, and phospho-AKT antibodies (purchased from Cell Signaling Technology Inc.) at 1:1000 dilutions in the buffer containing 2.5% nonfat dry milk in PBST, after which they were washed four times with PBST and finally incubated for 1 h with goat anti-rabbit horseradish peroxidase-conjugated secondary antibody (purchased from Santa Cruz Biotechnology, Inc.) at 1:2000 dilutions in the buffer containing 2.5% nonfat dry milk in PBST. Membranes were washed and then incubated in SuperSignal West Pico chemiluminescent substrate (Pierce Chemical, Rockford, IL) before exposure to X-ray films (CL-XPosure; Pierce Chemical). Gels were calibrated by protein kaleidoscope standards (Bio-Rad). HPRT (purchased from Santa Cruz Biotechnology) was applied as an internal control to normalize protein loading. The intensity of bands was quantified using LabWorks Image Analysis software (UVP, Inc., Upland, CA).
Statistical Analysis. Data are expressed as the mean Ϯ S.E.M. In all figures, vertical error bars denote the S.E.M. The significance of differences between groups was evaluated by analysis of variance, with post hoc Tukey's test comparing three or more groups. A p value of less than 0.05 was considered statistically significant.
Results
Effect of Exogenous H 2 S on the Cytokine Expression in Caerulein-Treated Pancreatic Acinar Cells. Pancreatic acinar cells were treated with the H 2 S donor drug, NaHS (5, 10, and 30 M) for 30 min at 37°C, after which the pellet was used to assess the levels of cytokines. As shown in Fig. 1 , A and B, treatment of pancreatic acini with NaHS at 5 and 10 M concentration caused a significant decrease in TNF␣ and IL-1␤ protein expression, whereas 30 M NaHS had no effect. A time course study was conducted. Pancreatic acinar cells were incubated with a selected dose of NaHS, 5 M, for 0, 10, 20, 30, and 60 min. A gradual decrease in the baseline levels of TNF␣ and IL-1␤ was observed over time. Treatment of cells with NaHS further decreased the cytokine production. NaHS (5 M) caused a significant decrease of TNF␣ and IL-1␤ production after 30 min of incubation (Fig. 1, C and D) . As shown in Fig. 1 , E and F, treatment of pancreatic acini with caerulein (10 Ϫ7 M for 60 min) caused a significant increase in TNF␣ and IL-1␤ protein expression. Pretreatment of acini with 5 and 10 M NaHS showed a significant decrease in TNF␣ and IL-1␤ compared with caerulein-treated cells.
Effect of Exogenous H 2 S on IB␣ Degradation and Activation of NF-B in Caerulein-Treated Pancreatic Acinar Cells. To investigate the effect of H 2 S on the transcription factor NF-B activity in pancreatic acinar cells, the H 2 S donor NaHS was used as an exogenous source of H 2 S. Nuclear fractions from cells were extracted and assayed for NF-B p65 DNA-binding activity. Activation of NF-B involves transactivation through posttranslational modifications of the p65 subunit; the phosphorylation status of p65 at Ser276 was examined using the specific antibody. Cytosolic and nuclear fractions of the cells were prepared and immunoblotted for phospho(Ser276)-p65 levels. Addition of 5 and 10 M NaHS produced an inhibition of NF-B activity in pancreatic acinar cells ( Fig. 2A ). There was a 1.5-fold decrease in the binding of p65 by 30 min (Fig. 2B ). Five and 10 M NaHS treatment significantly reduced the caeruleininduced NF-B activation compared with caerulein-treated acinar cells (Fig. 2, C and D) .
We then investigated the ability of H 2 S to regulate the DNA binding activity of NF-B by analyzing for the degradation of the NF-B inhibitor, IB␣, which is one of the first steps to occur before NF-B activation and nuclear translocation. Whole-cell lysates were prepared at various time points and analyzed by Western blotting for IB␣ protein expression. In Fig. 3B , a significant decrease in the degradation of IB␣ in response to 5 M NaHS occurs after 30 min, but 10 M NaHS did not show a significant increase in IB␣ levels (Fig. 3A) . As shown in Fig. 3C , mouse pancreatic acini stimulated with caerulein-induced IB␣ degradation compared with the control. Pretreatment with 5 M NaHS, before exposure to caerulein, accumulated IB␣ compared with caerulein-stimulated cells (Fig. 3C) .
Effect of Exogenous H 2 S on the Phosphorylation of MAPKs in Pancreatic Acinar Cells. To understand further the molecular mechanism of H 2 S in caerulein-treated acinar cells, we assessed the other signaling pathways involved in inflammation: ERK, p38, and JNK. Cells were treated with 5 M NaHS for 0, 10, 20, 30, and 60 min. NaHS (5 M) diminished activation of ERK1/2 after 30 min (Fig. 4,  A and B) , representing a 2-fold decrease in molar phosphorylation (ratio of phosphorylated/nonphosphorylated ERK1/2) (Fig. 4B ), but NaHS (5, 10, and 30 M for 30 min) did not show any significant effect on p38 MAPK (Fig. 4C) and JNK ( Fig. 4D ) in pancreatic acinar cells. As shown in Fig. 4E , treatment of pancreatic acini with caerulein (10 Ϫ7 M for 60 min) caused a significant increase in the phosphorylation of ERK1/2. Pretreatment of acini with 5 M NaHS showed a significant decrease in ERK1/2 phosphorylation compared with caerulein-treated cells (Fig. 4E) .
AKT Is Activated by Exogenous H 2 S in Pancreatic Acinar Cells. One of the major downstream targets of PI3K is the AKT kinase. Stress stimuli and growth factor stimulation have been shown to activate AKT in a PI3-kinasedependent manner (Bang et al., 2000) . AKT activation is followed by phosphorylation on its three major phosphorylation sites, Thr179 on its ATP site, Thr308 in the activation loop, and Ser473 in the kinase domain (Coffer et al., 1998) . Therefore, we investigated whether NaHS induced phosphorylation of the Ser473 AKT site, the site most commonly used to demonstrate activated AKT.
Pancreatic acinar cells were treated with the H 2 S donor drug, NaHS (5, 10, and 30 M), for 30 min at 37°C. NaHS at 5 M concentration activates AKT (Fig. 5A) . A short time course (0 -60 min) was performed to examine the pattern of AKT Ser473 phosphorylation by 5 M NaHS (Fig. 5B ). Significant activation of AKT, as detected by phosphorylation on Ser473, is detected by 30 min and representing a 2-fold increase in molar phosphorylation (ratio of phosphorylated/nonphosphorylated AKT). In Fig. 5C , phosphorylation of AKT is shown in the absence and presence of the PI3K inhibitor, LY294002. AKT Ser473 phosphorylation was inhibited in a dose-responsive manner, and significant inhibition was observed at a low dose of 10 M. The molar phosphorylation ratio for AKT was 0.8 Ϯ 0.04 (Fig. 5C ). Near-complete inhibition of AKT Ser473 by LY294002 was observed demonstrating that activation of AKT in response to NaHS is PI3K-dependent.
Exogenous H 2 S Activates AKT in Caerulein-Treated Pancreatic Acinar Cells. We hypothesized that the protective effects of H 2 S during acute pancreatitis are mediated by activation of PI3K/AKT. We chose to analyze the activation of AKT in caerulein-treated pancreatic acinar cells. It is noteworthy that NaHS pretreatment increased AKT phosphorylation in caerulein-treated pancreatic acinar cells (Fig. 5D) .
Effect of LY294002 on the Anti-Inflammatory Effect of Exogenous H 2 S. To investigate the role of the PI3K/AKT jpet.aspetjournals.org pathway in the anti-inflammatory effects of H 2 S during acute pancreatitis, we pretreated the caerulein-stimulated pancreatic acinar cells with the PI3K inhibitor LY294002, followed by NaHS (5 M). The dose of LY294002 used in these experiments abolished H 2 S-dependent AKT phosphorylation in caerulein-treated acinar cells (Fig. 5D ). LY294002 (30 M) increased the H 2 S-dependent decrease in TNF␣ (Fig. 6A ) and IL-1␤ (Fig. 6B ) levels in acinar cells. LY294002 also abolished the H 2 S-dependent decrease in TNF␣ (Fig. 6C ) and IL-1␤ (Fig. 6D ) levels in caerulein-treated acinar cells.
Effect of Inhibition of the PI3K/AKT Pathway on the H 2 S-Mediated Activation of NF-B in CaeruleinTreated Pancreatic Acinar Cells. Because NF-B is a well known downstream target of AKT, we next examined the activation of NF-B in terms of IB␣ degradation and DNA binding of p65. In Fig. 7A , increased degradation of IB␣ occurs in the cells after caerulein stimulation. NaHS (5 M) pretreatment inhibits IB␣ degradation compared with caerulein-stimulated cells, and LY294002 increased the H 2 Sdependent decrease in IB␣ degradation in caerulein-treated pancreatic acinar cells (Fig. 7A) . This was followed by a 2-fold increase in the binding of p65 (Fig. 7D ). Taken together with Fig. 7A , degradation of IB␣ occurs after AKT activation. There is also a correlation between the H 2 S-dependent NF-B binding to DNA and the AKT activation in caerulein-treated pancreatic acinar cells. Cytosolic and nuclear fractions of the cells were prepared and immunoblotted for phospho(Ser276)-p65 levels. Addition of LY294002 increased the H 2 S-dependent decrease in NF-B activity in caerulein-treated pancreatic acinar cells (Fig. 7C) .
Effect of Inhibition of PI3K/AKT Pathway on the H 2 S-Mediated Down-Regulation of ERK in CaeruleinTreated Pancreatic Acinar Cells. To determine whether the PI3K/AKT pathway is involved in the H 2 S-mediated down-regulation of ERK in caerulein-treated pancreatic acinar cells, pancreatic acinar cells were treated with the PI3K inhibitor, followed by NaHS and caerulein stimulation. In Fig. 7 , D and E, NaHS (5 M) pretreatment inhibits caerulein-stimulated ERK phosphorylation and pretreatment with LY294002 increased the H 2 S-dependent decrease in ERK phosphorylation in caerulein-treated pancreatic acinar cells (Fig. 7, D and E) . 
Discussion
In this study, we analyzed the mechanism by which H 2 S reduces caerulein-induced inflammation in pancreatic acini, a well established in vitro model for pancreatitis (Leach et al., 1991) . We showed that a low dose of H 2 S decreased the levels of IL-1␤ and TNF␣ in caerulein-stimulated pancreatic acini. We then used a pharmacologic approach to analyze the role of PI3K/AKT signaling in the anti-inflammatory effects of H 2 S. The low dose (5 M) of H 2 S used in this study enhanced phosphorylation of AKT in the acinar cells. LY294002 abolished the H 2 S-induced phosphorylation of AKT in these cells, indicating inhibition of PI3K. It is noteworthy that inhibition of H 2 S-mediated activation of PI3K/ AKT with LY294002 reversed the H 2 S-dependent reduction in caerulein-induced IL-1␤ and TNF␣ production. Using this model, we found that H 2 S activation of the PI3K/AKT pathway negatively regulates the intracellular signaling pathway, transcription factor NF-B, and the cytokines in caerulein-treated pancreatic acinar cells.
Previous data showed that H 2 S appears to induce apoptosis via caspase-3 activation in mouse pancreatic acinar cells (Cao et al., 2006) . Apoptosis is a favorable response to acinar cells, and induction of apoptosis has been found to have a protective action against acute pancreatitis (Bhatia, 2004) . On the other hand, there is evidence for direct scavenging of oxygen-free radicals by H 2 S, implying protective roles for H 2 S against oxidative stress in the cardiovascular and neuronal systems (Geng et al., 2004) . It was shown previously that H 2 S suppresses leukocyte adherence to the vascular endothelium and reduces leukocyte infiltration and edema formation (Zanardo et al., 2006) . Furthermore, a recent study showed that H 2 S-stimulated activities of AKT improved the cardiodynamic performances and reduced myocardial infarct size. Blockade of AKT with LY294002 abolished the cardio protection induced by H 2 S (Yong et al., 2008) . These results, together with the findings reported here, support the notion that activation of the PI3K/AKT pathway mediates the protective effects of H 2 S during inflammation.
Recent studies have shown that PI3K/AKT is an important mediator to regulate the NF-B-dependent gene expression in various cell types. It has been well established that inflammatory responses in acute pancreatitis are highly dependent on activation of the transcription factor NF-B, which plays an important role in the regulation of several gene expression (Blinman et al., 2001) . Furthermore, previous studies also have demonstrated that NF-B translocation is essential for cytokine expression induced by exogenous H 2 S in human monocytes (Zhao et al., 2001 ). These studies suggest that NF-B activation plays a critical role in the regulation of gene expression in development of inflammatory responses.
Our findings indicate that the regulatory role of H 2 S in caerulein-treated pancreatic acinar cells is mediated by reduction in the activation of NF-B and down-regulation of transcription of NF-B-dependent proinflammatory genes, including TNF␣ and IL-1␤. Moreover, inhibition of H 2 S-mediated activation of PI3K/AKT with LY294002 reversed the H 2 S-induced suppression of TNF␣ and IL-1␤ by efficiently increasing the NF-B activation, as evidenced by the induction in the activity of NF-B in the nuclear extracts of acinar cells. We observed the reduction in NF-B activation correlated with IB␣ accumulation after treatment with NaHS. This indicates that IB␣ is responsible for controlling the nuclear translocation of NF-B p65 in the acinar cells. These results are in agreement with a report demonstrating IB␣ regulates the persistent response of NF-B activation in the pancreas (Sunamura et al., 1999) . The mechanisms invoked by exogenous H 2 S to bring regulation of NF-B activity are currently under investigation, and several possibilities exist. In the present study, H 2 S reduces IB␣ degradation, which prevents nuclear localization of NF-B. The IKK complex appears to be the major phosphorylating kinase for IB␣ (Karin and Ben-Neriah, 2000) ; nevertheless, there is some evidence that the MAPKs might be involved upstream of IKK (Liu et al., 2002) . We show here using a pharmacological approach that inhibits the PI3K/AKT pathway does not affect caerulein-induced degradation of IB␣ and NF-B nuclear translocation in pancreatic acinar cells. This result suggests that the PI3K/AKT pathway does not affect the caeruleininduced cytokine expression in the acinar cells by NF-B nuclear translocation. A previous study showed that LY294002 and wortmannin did not interfere with NF-B activation in caerulein-induced acute pancreatitis. This study indicates that the early activation of NF-B does not depend on the PI3K/AKT pathway (Singh et al., 2001 ). However, a recent study showed that the PI3K/AKT pathway does regulate NF-B nuclear activity by affecting its interaction with cAMP response element-binding protein and CREB-binding protein (Martin et al., 2005) .
AKT has been shown to phosphorylate and inhibit the MAP3Ks, ASK1 and Raf-1, which are required for the activation of ERK1/2, p38 and JNK1/2 (Rommel et al., 1999; Kim et al., 2001 ). In the context of ERK down-regulation, previous reports demonstrate that AKT can complex with Raf-1, producing inhibition of MEK catalytic activity (Rommel et al., 1999) . Here, we show that the H 2 S-mediated activation of AKT reduces ERK phosphorylation and pharmacological blockade of AKT enhances ERK phosphorylation. This suggests that AKT may negatively regulate the ERK pathway in H 2 S stimulated pancreatic acinar cells. The AKT activation relative to ERK1/2 inhibition may be due to the inhibitory phosphorylation of upstream MAP3Ks by AKT and feedback inhibition of the ERK1/2. Other studies support our observation that activation of PI3K/AKT signaling mediates many of the anti-inflammatory effects in inflammation (Luyendyk et al., 2008) .
H 2 S by activating PI3K/AKT pathway may exert an inhib- Fig. 4 . NaHS induces phosphorylation of ERK1/2 but not of p38 MAPK and JNK. A, C, and D, freshly prepared pancreatic acinar cells were treated with NaHS (5, 10, and 30 M for 30 min). Cells were subsequently lysed, and cell proteins were subjected to Western blot analysis using antibodies against ERK1/2, phospho-ERK1/2, p38 MAPK, phospho-p38 MAPK, JNK, or phospho-JNK antibodies, respectively. The histograms represent the ratios of the OD of phospho-ERK1/2/total ERK1/2 (A), phospho-p38/total p38 (C), and phospho-JNK/total JNK (D). Pancreatic acinar cells were treated with 5 M NaHS for the indicated time periods before whole-cell lysates were prepared for Western blotting analysis of ERK1/2 and phospho-ERK1/2 levels (B). Pancreatic acinar cells were pretreated with NaHS (5 M for 30 min) before caerulein (10 Ϫ7 M for 60 min) treatment. Cells were subsequently lysed, and cell proteins were subjected to Western blot analysis using antibodies against ERK1/2 and phospho-ERK1/2 antibodies. The histograms represent the ratios of the OD of phospho-ERK1/2/total ERK1/2 (E). Results shown are the mean Ϯ S.E. of six experiments. ‫,ء‬ P Ͻ 0.05. itory effect on ERK1/2 and NF-B activity. At this point, proinflammatory cytokine production arrested to efficiently eradicate the pathogenic insult. The process of inflammation undoubtedly comprises a plethora of signaling and effector molecules, and the observed effects of H 2 S on NF-B activity are unlikely to be the sole determinants of the expression of proinflammatory proteins such as IL-1␤ and TNF␣. It is interesting that the therapeutic effect of H 2 S-mediated protection of acute pancreatitis is diminished by raising the dose of H 2 S above 10 M results in diminished therapeutic efficacy. Further studies are required to determine whether H 2 S-mediated activation of PI3K plays anti-inflammatory role in reducing IL-1␤ and TNF␣. Excessive production of H 2 S may contribute to the pathogenesis of inflammatory diseases, and reduction of its production may be of potential therapeutic value in inflammatory diseases (Li et al., 2005; Zhang et al., 2007a,b) . The interaction between H 2 S and other inflammatory molecules is an important determinant of the severity of the disease. Our recent study has shown that there is an interaction between two proinflammatory mediators, H 2 S and substance P (Tamizhselvi et al., 2007) . SP are involved together with phosphorylated protein over total AKT (B). Pancreatic acinar cells were pretreated for 30 min with LY294002 (10, 20, 30 M) before 5 M NaHS (for 30 min) treatment. Cells were subsequently lysed, and cell proteins were subjected to Western blot analysis using antibodies against AKT and phospho-AKT levels. The histograms represent the ratio of phosphorylated protein over total AKT (C). Pancreatic acinar cells were pretreated for 30 min with 10 M LY294002 before 5 M NaHS (for 30 min) treatment and followed by caerulein (10 Ϫ7 M for 60 min) treatment. Cells were subsequently lysed, and cell proteins were subjected to Western blot analysis using antibodies against AKT and phospho-AKT levels. The histograms represent the ratio of phosphorylated protein over total AKT (D). Results shown are the mean Ϯ S.E. of six experiments. ‫,ء‬ P Ͻ 0.05; ‫,ءء‬ P Ͻ 0.01; ‫,ءءء‬ P Ͻ 0.001. cytokines in H 2 S-induced inflammation Zhang et al., 2007a,b) . The present study suggests that the anti-inflammatory action of H 2 S may be mediated through an inhibition of cytokines, although obviously there may be correlations between H 2 S and SP and the cytokines.
We have shown previously that H 2 S at the 100 M concentration enhanced the caerulein-induced acinar cell inflammation (Tamizhselvi et al., 2007) . In the present study, the protective effect of NaHS against caerulein-induced acute pancreatitis was observed at a lower concentration, 5 M, in acinar cells. Protective effects of NaHS have also been reported in RGM1 cells at a relatively higher concentration (1.5 mM) (Wurmser et al., 1999) and in A-10 cells at 30 to 50 M (Yan et al., 2006) . This discrepancy might be due to difference in the cell types and other experimental condition. The present study indicates that the effect of H 2 S on the PI3K/ AKT pathway may represent an essential framework for regulation of the entire process. Moreover, many studies have reported both positive and negative action of H 2 S in host defense, the time interventions with exogenous H 2 S donors, H 2 S inhibitors, and the local concentration of H 2 S are critical in determining whether this molecule may augment or suppress an inflammatory response. However, further in-depth studies would be necessary to interpret the discrepancy.
In summary, using a pharmacological approach, we show that the H 2 S-activated PI3K/AKT pathway negatively regulates inflammatory cytokines in pancreatic acinar cells. Moreover, we show that reducing the PI3K-AKT pathway activity enhances inflammation. The mechanisms by which H 2 S reduces cytokine expression may be an important link in the pathogenesis of acute pancreatitis. Taken together, our results suggest that pharmacologic activation of the PI3K-AKT pathway may develop new therapeutics to limit inflammation in acute pancreatitis and other inflammatory diseases.
